Lignin-Based Carbon Materials

— Potential High Value and High
Volume Applications







America’s Forest Resource
749 Million Acres

Roles of Reducing Negative Impact on Our Environment
+ Adaptation
 Emissions Mitigation

* Removal of CO,

« Carbon Sequestration

« Standing Forest Biomass

> 22 Billion Metric tons
 Growth to Harvest > 2:1

Harvest ~ 236 million

Metric tons/year (1%)





















To develop a commercial manufacturing
mode and high-volume production of
valuable carbonaceous materials from
a bio-waste lignin.



Wl
"
T

.




12



Pretreatment of
lignin

!

Mixing and
grinding lignin
and
thermalplastic
materials

Foam formation by
extruding the mixture
under 150-300 °C

Aging/ finalizing
the foam product

Foam formation in
mold by heating or
microwave under 150-
300 °C

Aging/ finalizing
the foam product
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Polyols, solvents, catalysts,

. Kraft lignin,
Precursors blowing agents, surfactants, :
. thermoplastics
and crosslinking agents

Lignin content (%) - 70 - 92
Foam yield (wt%) - 92 - 95

Density (g/cm3) 0.05-0.1 0.15-0.45
Porosity (%) - 55-90

Compressive strength (MPa) 0.1-3 5-30
Thermal conductivity 0.02-0.05 0.03-0.08

(W/m.K)

Termite test - Passed



Lignin-Based Carbon Foams




What are Carbon Foams?

o a0 kb~

Porous carbon structures
Macropores

Open cells

Large surface area
Hydrophobic nature

Tailorable physical and
electrical properties
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Porous and Light

Light density
Porous, open cell carbon structures
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Compressive Strength

Compressive Strength(MPa)
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Filter

Check value -

Flow
controller

(@)

Vent gas analyzer
RGA




Current Commercial Processes

1. Blowing of carbon precursors & carbonization

Carbonization
under T, P, and atmosphere in a

< closed vessel
—

Precursors US Patent 6656238
US Patent 6544491

Carbon foam

2. Template carbonization of carbon precursors

Carbonization
under T, P, and atmosphere

—
US Patent 3922334

Impregnating PU foam with
phenolic resin
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Lignin-Based Carbon Foams
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Lignin-Based Carbon Foams

—

Metalized material

~y

Fireproof
Strength

Penetrability

30



Kraft Lignin Derived Carbon Foams

Manufactures

Brands

Precursors

Density (g/cm3)

Porosity (%)

Compressive
Strength (MPa)

Thermal
Conductivity
(W/m.K)
Electrical
Resistivity
(n€2.m)

Fire Resistant
Temp. ( °C

POCO

Koopers

CFOAM

USDA FPL

POCOFOAM

KFOAM

CFOAM

LCFOAM

Pitch

Pitch

Pitch

Kraft Lignin

0.5

0.4-0.7

0.3-0.5

0.1-1.0

75

55-75

30-90

3.0

1.5-3.5

10-100

135 (out of
plane)
45 (in plane)

140-240 (out of
plane)
50 (in plane)

0.25-0.35

0.1-150

~30

20—2x10°
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Thank You!
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